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Abstract 



PURPOSE:To obtain a semiconductor laser having an active layer, in which the laser outgoing 
end-face side is thinned and the inside of a laser is formed in thick layer thickness, on a flat 
surface having no stepped section and manufacture thereof. 

CONSTITUTION:Two striped Si02 films 9 are formed in parallel while mutually forming a 
regular interval in a region positioned in a laser resonator shaped onto a GaAs substrate 1 on 
the GaAs substrate 1 , and AIGaAs clad layers 2a are formed through an organometallic vapor 
growth method in an atomic- layer epitaxial mode. AIGaAs active layers 30a and 30b (the inside 
of a laser) are shaped through the organometallic vapor growth method in a normal mode, and 
AIGaAs clad layers 4a and GaAs clad layers 5a are formed through the organometallic vapor 
growth method in the atomic-layer epitaxial mode. 
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1 

^©Xh^-f :/#©S i02 JSSfcttS 1 NBSSrFfrSElH] 
Ri££ttT5lAlC¥fTlIJ&l£U d©«g8T_hE¥$# 
S1S±IC>&< £t,«&]0££tr$jB*!ifia¥«#IRe 

^rfia^ssna^gteick o x t!^ v jvj&ft lt±e 

T, 

2 ] mim 1 fce«©*3»*i/~tf ©»&& 

S i 02 K*fcttS i N^^B?5£fflBI&^ttTai/M-¥ 

tCctOxtr^x^-^^gLT, ±E?£tt/I©±El<<- 
tf#fi§§J8iEtti6©tf;?£8<, ±EW— tfft«Srt« 

±E£jf«jg©¥*#s©rt. -tojBrttHffst^i; 

[BUjfcSH] 3 ££*©¥*# W-1f©HjS;& 

-hE£/gflljS©¥«#®©ft. -hE»tt!©T«KII« 
£tt5H£, S^gXtr^ + v—^-HTXtf^x+x 

S. 

5 3 ¥8*#S«±fc«ttJB*£tr£fl8§jfi© 
Xtr**->v;Hi£fil,T, U— tf^ggg*^ 

±is»tt^[4v *©u-if#ss*ffifti!r©jiffrt*» 
<. u— »f*fisgi*iffl#atffl»Ji3j«#<a6±5»j«a 
n. 

±eettB©T»K:KKan<5jBtt. ^-*ib»c»j« 

[«f#S6i *»#aifi±©-*©«©k— y*ss 
atjgf££tts^£®Kc:, ttu—tf^iRs©*©*** 

filCi&S 2^©Xh5'fytt©S i 02 JBSS&liS i N 
E¥*Jfrara±fcSttH**tT£»««©¥»#JHS. 



(2) &H¥6- 1 9 6 8 0 9 

2 

W«^JSMffi^fii*^±t)xtf^->*+;^fibT. ± 

E¥«*SS±©±IB2^©Xh7'f^tt©S i 02 R 
L/> ±E¥$#S«±©±ES 1 02 B£fcHtS i NES 

*«»iS*nTVJftms*©«ic±Ew— tf*figx^s 

iE^JBWJfiOJPWftHfflrt. -f-©JIfti::JiJ?g££i; 

7 ] fSjJW 6 fcl2«©*»#V— IfOWtoSf 
±E£g«it©¥9l#II©rt. ±EStt@©T*ltSia 

£n*Ji£. ig^exfcj^^y-^-^Txtf^^^ 
a. 

8 J ¥SfraiSi:©-#©ffl»© V— !f *«B 
fltflWtetl*'****^. I*V--!f*SS©3fc©»«# 
[o]IC}&-5 2^)07, H5K:/tt©S 1 02 RSfcteS i N 

«± icettg s^tf^i*is©#j»#H*x tr* * -> * 
±E«s«©T#fcE«an*Jia*. ^-ftJiwcjBjfc 

[iS^S9 3 **#S«±tT^5y KB. fSftgfi. 

•tf*««©a*Bf«t»jw-*-*©**fc. ttu— tf 

#&8§©ft©Sifo&fllC&5 2:3©Xh7^:/tt©S 1 

02 KSfctts i N«*»fjeiwiBftsa»tTs^fc¥fffc 

c:©ttJB-e±E*ill**«±t±BT^5yH 

0 x tf ^ s^+iriwrta-r * - 1 *»« 

IfOJBteEriS. 

40 [M«« 1 0 ] 9 icE«©»^5§iigy**fr v 

±ETf5y HStSttB*. MTHxtf^*5/-^- 

htx tr^->*->-v;n«fi-r5 c t £^atr-5¥9ifr 

U— »f©«jt*jS. 

#«©«J©««*#Bfi««ir*^-A-jU5*5»-fe 
50 ¥*#S«HOK¥i<|EifiJ:l:lf«Sn&AjHIOft 
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3 

*H«fc***1-s«fc, 3t©*«fc&iR]ic»5»r«ftS© 

2 0©Xh5-r:/#©S i 02 JBSSfcttS i NttSBfJg 

a ££tf £Jf 8tili©¥£#Jl ->+ \ -5 

Igi. 

ffltoX©lflttfflfcft;MM©M*&#lWl*rifflci*l 

[MM 12] 9#«1 lB«07-^5*yfe 

E2-3®Xh7-f ^tt©S I 02 ggSfcfctS 1 

* nfc t L fc**#H ft fc Ji< J: 5 * £ 

$ NIBffitf'h $ y 9 ^ICJg^S n. ±ESi5K 

[ft&S 1 4 ] tt&B 1 3 KE*©;W<-;V3 * v 
±E*«fttAffi«©-ffitf±E*3 Wt > F*¥ » 7© 

[0 0 0 1] 

©Tfc-5. 
[0 0 0 2] 

[«£*©#«] ¥*#S*Lb©»?re»*fcS i 02 
s i nrt«v>, £©ttJlT¥W*H4#«&R&ffiJS 

^tMgL. S i 02 K (SEfcttS i NM) ±l£«tt 
£nsKft#xfiS i 02 K±T?(iJEl£:*r. S i 02 

m (Sfciis ink) ±*ftttUT¥»#s«#Bta-r 



(3) ^H¥6- 1 9 6 8 0 9 

4 

vfrfc&tz* *LT, C©«t-5attRk:«tD, 
gfc±©S i 02 i NBCffiViffiHiBftfctelB 

■e © j£j&«#<ft & ? Tfomtz^mftm c 
cfco. ¥i*#iB©i6Bfi*£#sfcs 

Ci*6, tffiT«¥«HWBfc/t>K*Yy:/©Jl&.5 

««*»»<3Ean.6ct*j»6nTv>s. «*±o. ±e 

©*3fc«ft*flW!l/T**##x/^XfcSt**ifff 

JO [0 0 0 3] HI 2tt,- i:E©»ttftfflffll/TS 102 
l#GaAs »«±IC A 1 G a A s JifccfctfG a A s 1 
SxK**^+MSI^TfMaft&»iHIB63-263787 

c*a nfct¥*©¥»# w+f ©«jg £*-r## 

tkU H<t>Btt, *«^S«±IC-feM(SS^ltT2V> 
lC¥fTlCJg^anfcXh5-f7'«©2^©S 102 R9 
©MKISSl«ftU&J«*l/fca», W6, V-ttyf 
©rt*BfcfcS«#£ttDttil/T;KLTV>S. HfcfcH 
T, lBGaAsSS. 2liAli Gal-i As^77 
a? Fg (0<x<l) , 3a, 3bttAlz Gal-z As 
fSttH (0<z<l, x>z) , 4|iAlx Gal-x A 
sifyy^m (0<x<l) , 5ttGaAs3>^^h 
Jl. 9ISS 1 02 Ig-C*-5. C©H*6»*>*J:3K, 
W— If^y^rtafctiEfibfcA 1 zGal-z Asgjtl 
3 b©lj?*tu— tf^y ^©iBB#jefcjSfit&A 1 z 
Gal-z A sMtS3 a©-tn<fc 9J?<&t>TV>-S 

[0004] II 311 012 (CSbfc^frU— tf Sr 
fP»-r*IBtffll»*S i 02 I#GaAsSSSitSI 

30 siBiTi&o. Bfc*v>-t. 1 oas 1 02 K9-rssn 

fcGaAsMl tiffiOX b 9<i 

[ooosietT. «axa*Kwr*. hi 3»r*r 

«k 5 IC S i 02 JR 9 teS«©WJgffitf iifiXtf h 5 
-f^SSl 0^K5^T^anT^5. EOi^SlO 
2 BSIttG a A s S<g±t«EE**^S§MajSfij£*ffiH 
T, A 1 GaAsJS:fe£tfGaAsJi£|E£;g:£-tt-£<!:. 
±KEbfe«fc5JC. GaAsSfil^BWUTV^W^It 
ttAlGaAs, GaAs^fif-5**, S102SS9 

>©!*!> GaAsS«l^EICitSftJ&an5'b©li, 
*©***feiW»L.T, le^+vtMItSA', Ga 

Ass«i±©s i 02 mmnzm&tizbv 

\tS i 02 Bl9-hlEXtf?*->-^J&B-a-r, G a A s 

->+;nsfi-r*. ;i©fc*. s j 02 «9a»6-H»KrB 

nfcGaAsSSl^ti.fcOt), S 1 02 K9*^t)'f 
*»IC»tlfcGaAsS«l*ffi. EP^> Xh5-r^S81 
50 0 *S©<2 3 *'X tf ^*3^* ;PjffiftC**f*3tf 'J •> A 
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5 

(Ga) , 7^rW (A 1 ) , bjfc (As) ©S# 

Cl©^fiaa©SlCj;0, 8HtJB©JS*««liraBtfjfiTa 
»<. u— tf^:/©i*j6rap<ft5. 

[0 0 0 6] JfcK, tf©fiH£Jj9©JP*£ 

B©BJ|t£i$<rS*iW#JT&-5. nSO. A 1 G a 
A s £#8. JfeS^teA 1 G a I n P?S*m&ffiH&¥ 

BftjfiTWKSnTSIJfcU ffitt!©«6f«tf Catastr 
ophic Optical Damage (ETF, CODt«;f. ) tPftf 

5it*«*D. CiniCMbT. igffijri8T©ffitejl©Jf 
WSO. 0 3-iim8«C»<-r*^tKJ:«3, iSttJB*> 

< ft i/— maaBc*w«*«**»fi 
ml. NnttttiWDflreft. ata*ft^i»ri6i;ft-5«t 

» 6*1X^4. U— !f©38fiH«*«tt. JSttJf 

©»JSfcJ:oT*S<«fl:U 5IfltSH4S©lJ5£0. 
lMmS*fcbfcl*fc58S»«««»4«fiKft4. d© 
&». SttJffflJfJ9£0. O3 0m8*C:»<r*£5B 

0. 0 3/imiSI;i<L. ^-y^gSTttO. 1/im 
iKCJ?<bT. fiHttftV*IH*»ttftftTV»*. 
I«S, ^Ef=fia©fitt@©®)?S0. lumfrZO. 03 

Mmt»<-rsnt«c±o. stwtf-i.oa^i^iift 

#[6]©¥<ii£#l;U0° *^16' @SlCiK<ftD, K 

[0007] hi 7r-f/t5>Wa, OT 
DR (Optical Time-Domain Ref lectometry ) ©ftitiffl 
ftSFT-W^il^, LAN (Local Area Network) <D%M 
t bTffl t^n*Se3t5©7.-/1-;l/5 *-yfe> h^-f :* 
— H («T. SLDtftt. ) ©-»T&S#fijjg®JK 
aSLD«D«Jfi*S?-rHtr*D, 014(a) W*©«B 
«j£B. 014(b) Ji-tO-hiHfciCH-eft*. 0tci5H 
T. lOlttnlGaAsSfi, 1 0 2 IJA 1 fcjfctfcj&t 
0. 4 8«nIAlGaAs^7';HI, 10 3IJA1 
»jS£tfcfl*0. 05(DAIGaAsffim 1 048A1 
ffl/£Jt#0. 48©PSAlGaAs?77l ; i, 10 
5»tiiGaAs^V?^S. 1 0 6[3;n<B«&, 10 
ZttPfflJ^ffi. 10 8ttZnMPM« (BiBfli 
«)> 109 (^SbjgfflSc) . limit 
SgfiS. 1 1 2\m%WT&Z. 

[0 0 0 8] &\zmmzz>\,*TBLWrZ. Zn&ftPH 
1*10 8at««EttA*«T*i3, RZni4»PSfii« 



(4) 4$B8¥6- 1 9 6 8 0 9 

5 

1 0 8lC*«*»ftAah*t, KZnfiRPilffRlO 
8fl»Bfi«MfcfcO. te©««**#®ie<B82:ft*. * 
LT> BSfiMl 0 8T3!tL, £Slg©&igHl 1 2 

ici*ja»"3Te»-r*#tt, i o 9 £ffiia-r* 

nufcRimsn, ftsgtiii 1 2T?E»anTBe«Ki 0 

8 KWA«r**0!MEttfla«-a. cntio, £34 
MftK»*#»fi«sn«Ctfcft»3, 7r7"U^o-t 

10 *«««Htr*. 

[0 0 09] 

«MMU/~ tfTtt, ±SEL&±-5fc*g|frS«l±©Bi 
£<g#lcs i 02 B9fi»riEUfc«ttrr», 

^tic«fco, #ens¥3j#Ji<p©ffi£ji3©jgj?#. 
\zmmmwi$.-£tiz>frsb. m&mnv-niKZvv h 

20 JBfct. Bffi«£^y:/rt«i©|lflTBW»0«»JSan 
flAtf, ^y^rt«T©}SttJi3«DliJP*i 
0. 1/im, SffittiST©gtt@©BJ?atO. 0 3wm 
i;ft*,fc3fc*#'CjaEfi?-Sfc, T^7yHH2li, ? 
s/7ftg|5-e©JfJIri<l. 5 Mm, BffiftST©JRJI£t 
0. 4 5<xmfCft"5, &&1*ftZ>m)H\Z±Ztz&mW 
l&ZtlZ. SEoT. «14@3}i£©<fc5ft|g^?WiM£S 

nitTtvy \*m2<D±.\zf$.&?z>z.t\zttQ. %m 

[0 0 10] 01 4tjRLfc«*©X-/^-Jl'5. 

£h;Wtf#&ftV>M>5ffi&&tf<fcofc. 

hJKO«tt*SttJBO»«fc«fc^Tl«IHSn*fc*. 
OTD RS?TS^$n^#^lC^D- FftX^? h;ng 

[0 0 11] £©»HH±ffi©J;3ftl»MjS*tfil!rra 

40 fc*fcft^nfcfe©T. sffi±tcjgfs$ns*3i#etp 
©^fa©s©*icii?s^^i;$-&s^a:*<T#*^* 
* u— »f t-t©$jjs»ft5:#?> c t ^ b n t r 

[0 0 12] JEIC, ^©^^©ffl©a«(i, ±IH©J:5 
ftSB»6<jlCS I NR. Si 02 K&»ftUfc¥Wtt£& 

M¥*frU-1flC^HT, «SCW»t*«#U— !fiO 

U-if t-f-©Sig*S?£#5. c 1 1 § wtt s. 
50 [0 0 13] 35 1, iloSBWOfljoBWtt, S§5ffl*^lr 



-68- 



7 

aTSr*SLDaj«-oiiji**ft#*j:t*BWtf 

[0014] 

u— »faaf*oKa*tfe»4. -£©ssics 102 m&z> 
sis, -e©jBrtK:H#aft4i;s*fc<ftv»jBo** 

£, MT^Xtf^+v— (Atomic Layer Epitaxy) 

H OUT, ALE^-Ht^l - . ) -efrVJ. ^©HftlC 

[0 0 15] MIC, ^©SWfc^S^^V-ifRtf 
©9ft©A*«- KT&ftL. ?SteJi©T#ICBH&2n 
SICLfcfc©"?**. 

[0 0 16] HC, ^C«flfcM»4DFBl/-fRi; 
*©»&£&«, iaHt«±fc»*Sn*3t#-f HI©* 

£±tB^f®&ji!mfflj££}£©iia©»£& ; E- FTriEfi 

£JPi^rtfttt©ALE*-FT?jS6T*.fc3K:Lfc%> 
©r*-5. 

[0017] sic, dfcawfcjtafeaaaEBStt*** 

m&tEtlZWomfe&MZS 1 02 Rft«fr»ttS i NES 
S»J*Ufc¥**»R±K:, *MMWI*xt;*5/**JP 

ML BttJi©T#fcEST*3fc:itH Fie©j££&. *R 

■Yt«@£^<i©iMis, #tt&iiftttj£5&©a 

ffffllSS ; E-FTff5±5CLfc l b©T»5. 
(0 0 I 8] MIC. £©8§8fc*Vfr£SLD;&tW£-©« 

£S«©«*ffl«©BrJ£»*fcS i 02 K&SUttS i 
NBS£ffl5#«lc?&fiEL*:&, ^«I^S^fflfi£fiffilC<fc 0 

ttB©3fc©e«*iRic*ttsjt©ai»B«s^:*^A> 

H^t'^CU ass ffiffl) * /h 5 W/t 
L. C©/X>F*^y^**<fto&ettJi«»©± 
*lC«iSftA®«, BPS. BiBfll**»J«-r*«fc5lcU 
£*>©-?*£. 
[0 0 19] 

fcvijHortft*, a#©**^JBft«ST«fit, *© 

JBrtKH»*ft-3(tfc<ftVJJB©*fift*«4H»«J« 
fittCALE^-FTdcfifS^S. ¥£#g«±ICX 



(5). WF6- 1 9 6 8 0 9 

8 

fc:**->iOuisfi-rs¥*#»©3-£, Bfa©a©*ic 

[0 0 2 0] SIC, £©5fi«fc*HTtt, fSttlfCSJ? 
fSSt&Stt. »ttJHtBEJSttJB©T*fcB»3n*l 

nr. ifH-A©s*^a*©**t»±r*i:i 

[0 0 2 1] SIC, C©«fflfc*HTtt. D F B U— If 
©«jtf-f FB©»KJBJ?Sft*i;**. Fl&fl- 

a*±c»i*sn*\ *fH-A©s*^ft*©«* 

tR±T*^t««T*, fttf'f FJS©BJ¥©J? 

v>«»TI4, @iff#r^fcBtt»©E«jWna::fcx>S 
f£ttB£*»ra#£@Sftt J fi©i5-&a«tp<. ft# 
-f FS©im©»tJ«5»T?tt, HifrBH 1 £f£ttg©ISI8 

amins c s»tt*ie*»r*ft4: iBiff»^ t©» 

<£ISSr-&r<hlcJ;D, b— *f?y^rt©*iftK»*ft 

^-tracttf-ess. 

2? [0 0 2 2] SIC, ^©«»fc*^Ttt. *«WSf** 

l. sew»^e«an*3t©is^a*t^*<T**. 

[0 0 2 3] SIC H©S893>C*5ViTtt. SLDOftfi 

Ifpglc, A>F^iry^©«*»K:*#^ff»t*4w 

©a> f*-v ? ^&®e««©-^n± 13 *#< rs n t 

*Sie««lC*{t*^©®itX7it^$<aoT. 
[0 0 2 4] 

[jtdkM ssam. H3«. c©5S$©ffii©*s&w 
>fAisxtf^->*v;p«sa©*ffi^L> H*B(i. 

2d©S i 02 K9T«*n&Sfi^ffllC^SLfcfiS 
BPS. U—lf^y y©rt***UTt>*. HIC*V» 
T, 0 1 2 t^-ft^l4[ig-*fcte*B^r-5ffi#£;K 
L, 2a«Alx Gal-x As^5yFS (0<x< 
47 1), 4a'ttA lx Gal-x As?5v FJB, 5alJG 
aAsJ^^hJI, 30a, 3 0 bliA 1 z G al-z 
As*££lf (0<z<l. z<x) Tab*. B*>6»X> 
5±5IC. £©¥i*ftU— Wi, u— ir^y^Wfc 
«fibfcett)i3 0b«*. if^ry^oSaffiftiEICdc 
fibfcgf4B3 0 ai»)t)J*^BJPC»l*snT*iO» 
te©H, fip-6, ?7';HS2a, 4atn>^^h®5 
a 14 V— tf?7 7AWte*V»T-*MW K»**nT 

to o 2 5] *ic, ©jgxesriftggrs. jfer, a-s© 

50 ^«l&^ffi(SfiaiALE ; &-F©W«I^Maffi^fi 
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9 

teW^ft^^-XAOa^lCQ^T. GaAs©l£g£ 
WEioTBMrr*. 8Hir©*r«&JS3sU8JfcB&Ttt. 
Ga©K&£>i£h'J;<3\)l'# l J'?A (&T. TMGt 
S;-T. )• «tAs<DMtt£ft-57;i/->> (AsH3 ) 

± 0 G a t A s *<G a A s S«±lr PI^flCit«( LTilSa 
rt**«iiffr*. ALEt-H©*«l^§lffi^ 
01IC^T<k^lr. TMG, H2 , AsH3 

ft©ffi*, fi**€»r£©ieilS:ttirr*fc. AsSf 
tGa Ig^*s$SIZ 1 W^m^Q a A s &£ 1 a tzSt 
l/TMIUTVX. H2R. ^©tttttfcaMCirl/T 
»D. ftCAsHSmsnt. GaAslSlai 
CAsJBW-B^S^ltRfM/fca. H2 £{ft*&LT 
Ml attifiKJ$#-r5AsH3 ***««U £© 
TM'Gft«»r6t, JfclCAsgWRfcLTJgJsS 
SftfcA sJI^-WHS^JBifc. Ga«fLTGaffl 

-ac^n^jBriir*. -tux. cro&eatisoiiLfTfr 
nr. »srieg«mtf-r<&. 

[0 0 2 6] CZLTs GaAsg«l affl-ffiKS i O 
2 IS&as 1 NWM^ntV>5i^tt, G a A s 

JBr^SSKftST***. S i 02 KS&BS i N&± 
tBGalf, AsH^ifeKSFttr, GaA^BWU 
TV»*ffl«-©*KtSfirtftjJ«3tfff *. ^LT, £© 
KSS, GaAs#BffiLTfcs*ffi#t?fci, S 1 02 ^^fc 

-mmr ~DfiL&ifimA,w<iz*b* s 1 02 tas&a 

**±*»6JH»^fX, flp-6, TMG, AsH3 

to 0 2 7] ±eaa3t*ufc*seifi«o*«#u— tf 

©K&IC&fc^Tti, H14fcjftL£tt*iR|«©S 1 

02 H9(tGaAsS«l±fc. 3fe*f, ALEt-Hffl 

H^gS-fr, £©&. ja#©&S§l«fi£fti£lcJ:r)?S& 
I30a (Sgffiifi#) ,30b (>— tfrt«B) SJBfiW 
«. C©a*©£JRa«JdHHSTtt. ttJ£Lfc*5t, 
s i 02 R9CjfiwW»tlBnfc»»tT, S*k:*4 

■raiBHaf *©**»«&*&©. u— y^^^sssBftifi 

©SJ¥> Wfe. ffi&J§3 0 a©SJIrtt»<fcD> fifttl 

3 0 b©JBgjWP<fc*. *LT, £©&, ALEt- 

WM5 aS^S^ST*. 

[0 0 2 8] C©J:3C;ttfWMa>**ft:i'-- tfCDSSifi 
ISTI1 T?7 7 HJB2 aSALEt-KWttS&JH 
«ttia*ttfcJ:D¥SElSIM5SU&«, ffittl3 0a 

(3 0b) £a#©<fcKa«J&Bi£K*0|gii&fil,T 
H*fc». gtt!3 0a (3 0 b) *¥SfflJ:K0ra© 



(6) ttH¥6-1968 09 

)BJijgS , b-3T»)«-*Jlt36»T*, «ttB3 0a, 3 
Ob*»«r*jfc©«jfe#il>fc<&D. *&, l/-tf- 

fc. ±*??Kfl4a. M5 afeHrtlCg^ 

ll££i;5£<tfc<j£g£itT^5©T\ V— f-J-v 

^#©¥attt.«n, ea©^^©stie*, 

[0 0 2 9] (Si, ±E*»WCtt, £f77FI4a, 
3>*i7 h!5 aSALEt-h'tflSfiSft)!', H 
10 nStta*©*JRft*rt*UiHCJ:Drt6StfTfc. V- 

[0 0 3 0] *Jg«a| 2 . ±ffiJB 1 ©HffiWTBSftl 3 
0 a, 3 0 b£A 1 GaA s Ji— /f TW&Lfc**. £© 
SttSli. a#©#Bte«&ffij£g&»::,fcDGaAsB 
£A 1 GaAsgSXSKUB&LfcA 1 GaAs&©£ 

&mm<r>mmm&?ttzz.ttfi-c$, ±e*i©$ff«i 
tra^©am#e.n> *o, ^©a^ffls^jfiicfe^T 

««jfijj«»rt3n. ^©is*. cod©k± 

[0 0 3 1] HJg«13. f34tt, d©«IB©S&3©£Jg 

HI©*fHi»«IHT**. Hl:*^T. lllilnPS 
fi. 1 2BI nGaAs Pfttf-f Hfg. 13teInGa 
As/InGaAsP#llf#Hgm 14(1 In 
Pif5yHl. 19«@*f*T. 2 0HS1N2 it 
30 *5. ft, 04(e) fcfclfr* I nPMl l±©H*f* 
=f- 1 9, S i N2 Eg 2 0jflft»J«attTV»*»*j9«MM* 

[0 0 3 2] tasa, Bi4ic^-rKjgxe«rjiTfijga 
n*:**p»ft**#i/--if©«i3fi*«-r*iii«5CHr 

£$#£^U 15HInGaAsP*tym 16 
.tt3fc£ISSSffl«tfi. 1 7tt*»«:l/-1fffl««, 18tt 

40 [0 0 3 3] £TF. K&XS£ft9!T&. ftf. S4 
(a) I nPSfil l±©4y»frW— tfS 

REWttT 1 9 ftfttf J: 5 IC S i N2 R 2 0 *J*j*T 
4. ^IC, 04(b) IC^-r<fc5tr, InGaAsPW 
-f Fll 2*ALE^-l«©***«*faij5fitttJ:D 

spaicisw^fii/. -©&, a«©*»^ja«ffijsKfis 

ICiDInGaAs/InGaAs P^fifiT-#F»tt 
HI 3. InP±^5yHJil4ft|ga)*fi-r4. *U 
T, H©a. I n P-tt?yy KB1 4±© I nGaAs 
50 P**y^H*ALE*-F©*«**jM§J*fiaS** 
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W4a#©*r«&«ftffi/Sfii£ tci o &a&£ 

SiOInGaAsP^ty^l5a, tf 
fld©I nGaAsP^y^Il 5b±lC««il 6, 1 
7 S^EfcT-S £,0 5 fcjpf InGaAs/InGaA 
s P£fig^#F«ftSl 3©#glSi!8flW**<, 

#FffiteSl 3©/t>mF*5/:/****<fco&. 3«e 

[0 0 3 4] C©±5K*&ftfl|©3«aStt¥il|#V 
— if©Ki£l@Tl4, I nGaAs PJfctf-f PJ 1 2 4 
ALEt- Pottfl^Mftfttfe££QlB«£ftU 
InGaAs/InGaAs P^SST #Fffi14J§ 1 
3, InP±*5vKH14 £a#©*r«&JB§tf8JSfi 
teCtDj8S)«fiUT^Sfc». HSfcjRTiifc. I 
nGaAs Pfttf'f FBI 2©dMW9«, InPMl 
1 ±©S I N2 St 2 0 Kffi^«*fc«nfc<BttT©l0EJI 
j$£(4&<!:£fcS-f, RlnGaAsP^H|12 
«*©Brtfc**S*±"S*Si:fc&<™ci&RU I 
nGaAs/ I n G a A s P^2ST#FS141 1 3, 
InP±i7 7 7H§14©Mmt SiO2ffil2 0tZ 

sgn^«jjt, s i o2 is 2 o^&»nfc®«±c^sii 

D. £tt£©Stt3te£iW«8«MT*<, 

u~»f*ra*<»j«an*. fot, t£*. £©«©# 

J*fitt«ta«©*«4«*fflJ«*tttfflV»Tfft>T^ 
fcfc©, H6t*-fJ:5lcSttlfl 3fftfeft<3t*-f 

hs 1 2 tfcjijpsjwwastt. fstts 1 3*»Ra±fc 

©3t*«»W*IM*:U— !frtt. Jl©«t'5iftraSfe<»^ 
TZZttFCZS, ft. ±E^Jt«Tf4, SttSS^a 
«^#F«iafc»l«bfc3&*. a«©*-)B*»6«:*Stt 
HS»j*Lfc«£fc, ±K£«WiW«©»*S8*:: 

[0035] mmm4. gm4, n©5s-w©S4©siis 

«tJ:«»*»afflip»#>— !f CKT. D F b u— If 
) ©ffla^^T»rWEiT*D, BC*WT, 2 
l^GaAsii, 2 2 \ZA lGaAs??? HH. 2 
3 BA 1 G a A s ffittA, 2 4 »A 1 G a A s H 
A. 25WGaAs3>?irh@ 1 2 6 ttEifft&^S 2 
7 liSSSWn-r-Y >if^fl1tV- iflljatilffi. 2 8 (J 

itsswn-x-o-^^nfcss-e^s. ft. ±bai 

G a A s * jj-f HA 2 4tt U— If ffiWiSffl 2 7 ffiHTS 
<. MB2 8«T»<»j*;SttTV>6. 
[0 0 3 6] £©D F B V— If 14, GaAsIfi21± 

©u— »f*sa©ft«ffl«fc»*'r*«©ijf«««c. 

04lt*UfcGaAsSSl 1 mmzLT2-DV>7,Y 



(7)«. &BSW6- 1 9 6 8 0 9 

12 

5-f i 02 BB£#fiS§©}fc©3l&#[S]lC}&oT 

s«2 i±(cALE^-h*©^ra^Ka«sstcj;t) 

A 1 GaAs^77K122, AlGaAsMI2 3 

^-ttmmzwkh, a^©#ts^js^ffl^ 

ftSfCkt). AlGaA5Wh*S24SMU ' 
©». ALE^-H©#«*JHfttt*ftttCJ:t)GaA 
S3>??>12 5««-aiBJ|l:»*Lft l bCT» 

JO [0 0 3 7] 0 8 l4t£#©D F B W-lf ©fc»ft 

*&Bi!StSi»*wU £©ft#©D FBI—If 
14, GaA!ifi2 1±C±EOJ:5ftSI02 Bt£Jg 

*-r*^tft<, 6a£T£a#©#«a&s&ffifiSft& 

A&nTt>«. ft, -SfcDFBi"— ifTtt. fi&ttigrt 
te«r**tia*f* : Fi©»'fr©3»aicj:-3Tw— a* 
^^©^©affi^atfcfc-r*. ^ut. txtfct 

20 LT*£©-?. U— 9 , ?«y^©W^(6]©^a^(4 

[0 0 3 8] ±E©±3fcLTJftc£3tt&#£J&W©D 
FBP— tfT(4, fttf-T HJf 2 4©AJf;Wi^&#2 4 
a T?tt. @*r ^ 2 6 tMl 2 3 ©IW©fE«*nBnT 
lr»*©T#i®ifr*?t©IS£*ttiB<. *#-f HB2 

4©aa©*^«»2 4b , T?i4, @*r«kf2 6tetta 

2 3©M©Eaa»iS^©*wetH*T*Ft©IS^*»4» 

<fcD, «eawte»r«3ttiHiiff*?©ii#*«»a 

Bf»fc*<fcf*Cttca:«. fct, fltfH H124© 
30 Bff©*fc©flE£^«Mtr*;iiK«kD, tf^v 

[0039] ft, ±K«i~»4©^a«Ttt, mm» 
^H-Ji^a^iiALE^-HcjjEfiefTtjfc**. a# 

©Z«fi ; E-HTHJt;ffrtJEE**iSf<rsc 1 tfcJ:ti, r 
©HaS*-3tt*^J«fi*ff5Cltt>*C*, 3»*»4AL 
E H K J: & AJtC**£ft feCDCDBK Ntt©»*& 

[0 0 4 0] 09i4, d©«M©S5©^JS 

40 «f?fci4SLD©S*aS*-rHT*0. 0 9(a) \m 
D«3CH. 0 9 (b) ?4±ffi«5£0T*£. 0 1 0 

\Z® 9 iCSLfcS LD©Sj@Xg*^-riSS'J»rffi0'C 
i&S. rne>©HC*^T. 3 llinlGaA s SS, 

3 2»4A 1 i&tflittfO. 48©niAlGaAsJ'7f 
HA. 3 3J4GaAsatAlifi^Jt*J0. 2©A1G 
aAsi*>5S4GaAs/A ]GaAs*lif#F 
ffitta, 3 4(4A ]ffis£ifc*t0. 48©PiAlGaA 
s^7-yHA, 3 5ttnSGaAs^-^i, 3 6(4 

nmmm, 3 7\tpmmm. 3 8t4Znit«ps!®« 

50 (B&««) . 3 9 MIU 4 0 (4S i 02 K. 4 1 



—71— 



13 

teft©ffitt«ffi. 4 2tt«ttS. 4 3li#&A«i« (# 
®&mW T&S. ::T. G a A s / A 1 GaAs^ 
aS^#Fffil4H©G a A s #F1 3 3alt fC9iH 
#0+ ©«« B f*J TtiMig A W (CJt-CTffiMW ICJ1 < ft 

[0 0 4 1] ETF, SiilgSrUiKr^. 01 0 

(a) iC^-f-iSIC. nlM3 'l±fcS i 02 Blfc^J* 
Sft©^*fil£<bXy3 1 >^8ffil;: c kr), KS 

1 o2 mnffifettftZMiikLT, yt<Dmim\zMtz 

&i%ffiM<OftifemiL\Z, &200wmX300 Mmgg 
©£Jg#© SIO2g|40fc200« m§SOP^HT< 

0 1 l>#frlCiBo-Ogj£TS. &C:01 0(b) ICtkI" 
<fc?K, nI?7yHS32, £Sfi^#F«ttJI3 
3,. Plii^y FB3 4, synlGaAs+t-^i 

COS. S i 02 I&4 OT^Snfcffi^B-Cti, S i O 

2 BI4 0±.\Z$!MLtzKfemm<S i 02 K4 0±^6 
n^Sffi3 lSWSTftftLTJ&gfCfF^TSfc*, S 

1 02 K4 0©fc^gi#AICl*^6$gl©lJiWte# 
MIClKftS. GaAs/AlGaAsMlfSpffi 
SIif©GaAs#pi3 3 a CD®«BT^ftf^>SCO 

liZt&fe-rZt. ®«ATffl§S£4 0*^XhD 
-Aitn««i«BTli»f)6 0:*>^;*hn-A©JfJS 

[0 0 4 2] 010(c) iC^-Ti^lC. ZnSl 

IHnSiGaA s^y^Jf 3 5©±®©<1 1 0>*(6] 

ffiffcU *-©E#PSA 1 GaAs ?9y Hg4lcJi< 
aS$STtt»UfcZn&tiPS!®«c3 8£Jg{£T5. - 
£©t£»^®3 8li®«B©»SgM]©ffiffia^ 

300 Mmsa«in&fie^f,^roffiwfflffl!)om«Ao 

JSI«*T©SStC^)Ej-r-5. ^IC 010(d) ©±5 
IC, ±IHie-CJg^bitZnl£»PS««3 8*i3wm 

aacoii©x h-^^ ^ttcou -v^3 9 tzssi^t. a 

niGaA s S> ~7M 3 5 SrXy ?>^|$£ 
U MIC, PM*?y Fl3 4£Btf£&3£TX.;/?> 
i^-rs. -£LT, £©&. >J r/3 9 ±ICPffi5«tS3 
7, S«SffitCnfflimffi3 6&^T-5t» 09ICSL 

[0 0 4 3] EWK^Tiftgrr*. ±iSL.fc«t 

G a A s / A 1 G a A s * ll^fFSttl 3 3 
OGaAsWF@33 aroiP^ttffiUBTSifSAICjt^ 
TJiK^fiSSn, ffi«A©J!Jlt£4 0t>^hD-A 

U ^«A, f«Bi;*l«GaAs/AlGaAs# 
Sfi^#FStte 3 3 -C©fiH4E©A*> ? ^14. 

-tn-en. @&A-?t;iEgi= 1 . 5 3 e v (&& 8 1 0 

nm) ICfcO, ffi«BT«Eg2=l. 4 9eV (jgfiS 



(8) &M¥6-1 9 6809. 
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3 0nm) \Ztl%. -5-LT, ^gi*tttA$n-5©ig® 
ZnMPSfi«3 8©5tS©®«A©g|5# 
TSt-rSJt (BP'S, ««A©SttJg©A>K**.;/:/ 
EglKttJSLJfcSfiOtt) ©5*.. ««ACDid«ffl4 1 

^itffLT, Sgffi4 1 «t O^fcffiDHJStU titt 
B©&igffi4 2 lCtpJ*^TeS-T53ttt, fii«B©gtt 
13 3 ®^«B©A> K** u/^Eg2*t^A©;\*> H 

^Tfc««H4 2STfeJf LTfiWSn. Btf«i**Brt 
*e»UTBS«*T?**ZnliKPS«*3 8fc«A 

#t-rs#©«!!£, ins. §sa«&E»$£as«-e£sg 

nffiftP^@«3 8©««Brt©a5»T^±-r-53fe (EP 
5. «WB0ffi^CD/t>F¥iry:/Eg2^*U;fc« 

&<om ©a, fjjaB54 iiciRi*^Te»-rs , b©tt« 

*BireraiMifcStt, fc«Art©fgttJg 3 3 ^SI- 
^MIS, ffi«A©;t>h'^Vy^Egl>m«B(OA>H 

a? =^Yv>'Eg2T*-5©T < mm*>vwi*>&t/uE*v} 
r, «*Bi4 2iciRia»t>Te»r**tt. 

[0 0 4 4] ftoT. .£©<fc5&*^;5£*!l©SLDT 

jUBcjessyt-ractjjitTfr*. sic wj§®i ia» 

eBt*3a^n-£>)t(4. ±8E©«k'5l;:Bfi®tt-C**Zn 

p mm® 3 8 © 5 s®« a ©ettji 3 3 pressor 

£1a^a'> F¥ ^ v 7EgUzMfeLtzm^&&Oftt. 
«*B0ettJH3 Srtt^tiStWOF^t.^E 
50 g2IC^L-feSV^gO^*^t)$-3fcfe©i/j:0. ft 
*©^-©iS^O (BPS, *-C0A>H=¥vy^O) fif 

[0 0 4 5] mS«6. 011IJ. r©^MWS6©^ 

3 8 al4Znffi»PM^-T*5. 
[0 0 4 6] roSLD©S*W&l«Scl4±|Bm5ffl 
40 HffiW©SLDi3#ttl:HCt?*D, «tSA^A*tl 
TBiB***tft*Zn»ttPI!«*3 8 a*i, ffi^l© 
v 'j -fiflibZ ^, . HPS. *©BH3*JP< mi 

[0 0 4 7] ^©J;5**IIJS0iIfflSLD-ri4, ^JSW 
5 © S L D ICJt^TX^i? MMigft-rstt©*'^ h 

©n>K^Y^^Eg2,feoA^^it«), 

50 P-1f«fi«»trc**J:£fcfc*; 
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coo4 8] immi. ±k&5, wi&o'&Mw-Qvm 

tt, ffittl5£3 0 0~2 0 0 0^>^7.hO-Aea(D 
InGaAsOMTmU ±flBJB5, 356©^ 

^fl£UT. ±|a»5. ffi6©^ig0!IOK«O^S (Hit 
IS) fc«fc0 I nGaAsP*©«»TSLDSfe»|S-r 
5t>©-C*S. 

[0 0 4 9] H©*£, S 1 02 K-CttStlfcMftlatit 
g-f* I n G a A s ftSUfi, ttO*«Cj*fi-r* I n 

g a a s m&m\ztk'<Tm^mmzMtiti<ft&iit.% 
k, ^©^fig© i n ©M-&a«tt©**fcj«fi-r« i n g 

aAsftftHtCfcfc^KfcS. cnti. Sl02H±tC 

[0 0 5 0] «oT, Z©«fc5**mSW©SLDT 
tt, ±CJB5. &6©£««©SLDE8fcS 102 R 

-efc*n&s«K/fcB-r-&s£B©;t> 
»©iB*K:)«*'r*ffittJi©tn±nt>/ha<ao. « 

[0 0 5 1] ffi. ±B*5~»7©*lMrctt, ftttS 

a^©«©ii**«*«ai*jf3E*a!©AL e*- f-cje* 

fiKLTfc±< < c ©«-&«, «ttRttfl©R*«-«&JB 

tt»fcfc#a«gjfrr*B©«*ft*&<T**. 

[0 0 5 2] £&, ±|H^«gWPtt, AlGaAs^W 
PtabSHttl nGaAs P »©#**£« #559! 
tt. G a A s SSKtt^if^-r *«© A 1 G a I n P & 
tt»*I nPS«ICt&^S-&-r^ffi©AlGa I nAs 
*tmi;:«fc -d Tfcj&a n-5¥#ft 1/— !f <&£ tri 13 S L D 

[0 0 5 3] 

[8$©34;£] ^±©±^n. iO&ElCfcfttf. -e© 
JBrtfc»JUIft-3»t&^«©j«fte, ji^©tt8^K^ 
ftfcftJSTrtftU *©JHrtfcJHWJS*ottfc<&v»)H 
©jfcSStfRSR^lSfttfeOAL Et-KTfcfi-r* 

*an, «nfcii^«tt©¥*#i'— tfftftscfcjjffp 

[0054] sic, r©»wfc«kntf, sttBejBjyg 
ftttitKfttti©Tffl5(cEta:3nsgs 
^-*u?ic^^ufc©T. ftttjg^an-hcm^n 
r, !fif-A©5*^a*©»*t«i«s*i&*» 

[0 0 5 5] w.\z. c©*wt«tntf, *»-f FB©* 
ejHMie±t;3tt. Jttf-f KE&n©JB*^-fcSfP 

C»«UTDFBl/-lfft»J*-r«J:3R:L&©T. ft 

&m\*mm±\zMfRztizz.ti>vai<. v— tftr-A© 



(9) ®8f¥6-1 9 6 8 0 9 

^3/ !/rt©3t5ME»*««^-!ttD F B I/--**** E t 

[0 0 5 6] MIC £©«WfcJ:ntf..JfcJtM' 
-Scl^lCjgfiE-rsi^icbfc©-?, ¥$#k-1f<!:ft 
*W«©IS^»©ftSI*MI«*n. 3fc3£iW«'v€«<*n 
S3C©ie^Jfl*««*-Ufc**IW»ff*i»#l'*-"!fftS 

[0 0 5 7] SIC, Effl&gHCS^Ttt, SLDOStt 
JgftlC, /t>H**y:/©^»l;:**t»*#4:/Jxa^ 
JO »»tt*««*|i!lC»t>T»*r*±5fcl/fc©T?, 
#flfi**©rf>P**y7saSfc*©/t;/|*:£*y 

aajtx^i? h^©sLD*#*ci*»-c**»*«t* 

5. 

[0ffi©fssm*i»w] 

[0 l ] ii©3SWCfflVi*^*^)Sa*J«fii*©it?H 
XH^*3'-t-HI#©«»*X©«*iS*KWrft& 
&©0T$>-5. 

a? [02] ±fBjg^Hxt;^+->- ; E-F^©xfc:^y+ 
^jn©*ft^*=XAftRwr*&»©ia-e**. 

[0 33 C©»W©»l©*lli«KJ:**ilMt:W— !f© 

[0 4] c©»w©JB3©*R«K:±*#*RSft¥* 

[053 04ic*U/tfiiigis-r#e,n53 l £^psM¥ 
!f©«it3S-r«B«i3CH"p**. 

[0 6] t»©ftKMMt¥*ttl'-' if©*jfi*^-r«I 

JO [0 7] C©«K©SS4©*JfiWIC«fc*DFBl<—1f© 
[0 8] »DFBW- y r ©*ii^-rSrffi0T?* 

4. 

[09] E©58$©^5©*iSWI::<i:*SLD©*Ss££ 

[010] H9fc*UfcSLD©K6lS*wrxSjW 
grS0T*5. 

[011] C©585l©IB6©SllfiWK«t<E.SLD©*J« 
40 [012] «*©**# Sf©«ffl4*TiHB««g0 

[013] 01 2 csi/fciHWii'- y*w&?z>mz 
m^ss i 02 K#¥*#ss^-r0T*s. 

[014] «*©SLD«3i?-rtfW*aHRtf±ffi«sS 

0T&5. 
[ft^©SM83 

1 , G a A s Sfi 

2, 2a, 4, 4a A 1 G a A s HE 
3a, 3b, 30a, 30b AlGaAsftttS 

50 5, 5 a GaAsn>^^h|g 
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9 s i 02 m 

10 Xh7-f^|! 

11 In Pg£ 

12 I n G a A s tttf-f KJf 

13 InGaAs/InGaAsP^lIfJtFgft 

jr 

14 InP±^7'>Hi 
15a, 15b InGaAsP^y^g 

i6 xmmmwm 

1 7 tffflflffi 

1 8 ft&msstu— vtzttmtzm 

19 mSrfe^ 

20 s i 02 m 

2 1 GaAsSS 
2 2 AlGaAsifyy^M 
2 3 AlGaAsfgftJg 
2 4 AIGaAsM-f KS 
25 GaAsn^i'hS 
2 6 EJt^ 



(10) #H¥6- 1 9 6 8 09 

18 

2 7 SSE&ri-TV^SnifcU-- tffflftffi 

2 8 &Rm*n-y-<i>!f-ZWtm 

3 1, 101 nlGaAslfi 

3 2, 1 0 2 nIAlGaAs?7»;HI 
3 3 GaAs/AlGaAsMlMFB 
3 4, 1 04 pfA 1 GaAs£5-.yK@ 
3 5, 1 0 5 nSGaAstt^^l 
3 6, 1 0 6 nffl^ffi 

37, 107 pmmm 

10 3 8, 1 0 8 ZnfflpM (SigfS&) 

3 9 Usry 

4 0 S 1 02 R 

41 >t(Dm««ffi 

42 gygm 

4 3 #&a@*£ (#a^®«) 
1 0 9 tt&Am& wmsmw 

1 1 1 mm 

1 1 2 
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